Introduction
In recent years, there has been a growing concern regarding meat and meat products transmitting food-borne pathogens, including bacteria, despite efforts for the improvement of meat hygiene (1) . Foods originating from animals showed as a major cause of infections with pathogenic microorganisms (2) . Considering the increasing trends in the consumption of meat in Korea, proper hygiene management for protecting public health and strengthening consumer confidence is required. In particular, it is vital to manage the processing and distribution stages after the slaughter process to provide safe meat and meat products (3) .
The currently employed procedures in the food industry for developing HACCP systems are based on subjective assessments of the actions taken to control microbiological contamination in production processes (4) . Therefore, HACCP systems are based on microbiological data with estimates of the number of indicator organisms on products at various stages of processing (5) . Aerobic plate count (APC) provides an estimate of total bacterial counts, and a higher APC is an indication of poorer quality and a reduced shelf life (6) .
Microbial contamination can occur by exposure to the environment (7). When analyzing the microbial quality of meat samples, various environmental factors during the slaughtering process have been observed in previous studies (1) . However, meat products may be cross-contaminated by different pathogenic microorganisms during slaughtering processes such as chilling, cutting, and slicing (8) . Therefore, the stages from processing line to retail outlets are vital factors affecting microbiological quality. Most of the contamination can take place during processing such as by exposure to meat facility equipment (e.g., saws and grinders), contact with meat handlers (e.g., cotton gloves and knives), and other environmental items (e.g., cutting table) (6) . The cleanliness of meat contact surfaces has to be maintained and under control to reduce contamination by bacteria (9) . The microbiological quality of meat can also be affected by the effect of the type of retail outlet sampled and the season at which the meat was analyzed (10) . However, data on seasonal and monthly variations in microbiological examinations of meat contact surfaces in different processing plants and retail shops are limited. In particular, various meat contact surfaces and environmental factors of microbial contamination prepared in HACCP-implementing processing plants and retail shops have not been extensively studied. Therefore, this study aimed to investigate the level of microbial contamination in food contact surfaces and environmental impacts from meat processing line to retail shops in order to evaluate the microbiological hygiene after implementation of the HACCP system.
Materials and Methods
Sample collection A total of 112 food contact and environmental surface samples (68 from meat processing line and 44 from retail shops) were collected from randomly selected plants and retail shops located in three administrative regions in Korea (Gyonggi, Gyeongsang, and Chungchong) over a one-year period. The selection of the plants was based on their capacities to process large amounts of meat (approximately 30 tons of meat per day) and their variety of processing lines (beef and pork). Collection was dependent on the cooperation of the owners. Experienced technicians or quality control staff at the plants and shops performed the microbiological sampling. The HACCP system, including sanitation procedures, was adopted in all plants and retail shops. A 12-month microbial survey of the plants and retail shops was conducted and during visits in this period, surface swab samples were collected. After collection, the swab samples were kept at 4-5 o C in a portable incubator. The samples were transported to the laboratory and analyzed for APC. The surface swabs from the food equipment were always taken from the same sites, directly exposed to the processed raw material, and were collected within 2 h after standard sanitation of the equipment. For food contact and environmental surfaces, a surface swab technique was used as described in the Compendium of Methods for the Microbiological Examination of Foods (11) . A sterile polypropylene template was used to sample each 10 cm 2 surface area. Before sampling, the sterile swabs were kept in 10 mL sterile peptone water in suitable conditions. After the sampling of the 10 cm 2 area, the swabs were placed aseptically back into peptone water. Immediately after sampling, the tubes containing the swabs was placed in a mobile incubator and maintained at 4 o C. When the samples arrived at the laboratory, each tube containing the swab was vortexed for 10 s to assure mixture of the sample.
Microbiological analysis Samples were analyzed to determine the APC, which serves as a hygiene indicator, as described in the corresponding microbiological guidelines to the method specified in Process Criteria and Ingredient Standard of Livestock Products (12) . Homogenized microbial extracts were serially diluted in 0.1% buffered peptone water. Each diluted 1 mL sample was plated individually and spread thoroughly. The APC was determined using plate count agar (Difco Laboratories, Detroit, MI, USA) incubated at 37±1 o C for 48 h. All analyses were performed in triplicate. The counted colonies were expressed as the CFU/cm 2 of the food contact surface or as the CFU/equipment if the surface was small. In all cases, plate counts were determined and converted to log 1 0 CFU values using standardized plate count rules (11) .
Statistical analysis STATA version 12.0 was used for the statistical analysis. ANOVA test was used for the comparison of the month and specimen with the APC of samples from meat processing plants and retail shops, respectively, and results were presented as mean and standard errors. The Pearson correlation analyses were performed to evaluate the relationship between the specimen and APC. All values were mean and standard errors. p-Values less than 0.05 were considered significant.
Result and Discussion
Sixty-eight samples from meat processing plants and 44 from retail shops were examined and categorized by month and specimen (not presented in Table) . By month, the highest number of samples was collected in August (23.5%), followed by November (19.1%). By specimen, the hands and knives account for 25% of the samples in meat processing plants, followed by the chopping board (22.1%). The knives (29.5%) were ranked the highest in retail shops, followed by hands (25%) and then chopping boards (15.9%).
The APC at meat packaging plants is shown in Table 1 . The samples are categorized by month and specimen. By month, the highest APC was found in January as well as December, followed by April, May, and February in descending order (p<0.005). The high values of APC in January and December might be attributed to neglecting or failure in temperature management (<15 o C) in plants because temperature drops in winter in comparison with summer. By specimen data, the APCs for food contact and environmental surfaces were highest in boots, followed by apron, cutting machine, and knives (p<0.001). Handling the meat using multiple knives was identified as risk factors for high contamination of boots and apron (13) . APC counts for samples at meat processing plants were between 1.69 and 3.87 CFU/ cm 2 . High contamination of food contact and environmental surfaces is because of improper and ineffective cleaning and disinfection (13) . Visual observation can be completely false when assessing the cleanliness of a surface (13). Eisel et al. (14) observed that APC counts for food contact surfaces at a meat processing plant ranged from 2.2-3.7 CFU/cm Table 1 shows the level of APC in samples from retail shops. The samples were categorized by month and specimen. By month, the APCs in samples were highest in January, followed by April, February, and August (p<0.001). Interestingly, the level of APC of samples from retail shops in winter was generally higher than those of samples in summer. Basically, microbial contamination of the cutting board and cotton gloves was the highest in summer and lowest in winter (17) . The high contamination levels in January might be the result of poor hygiene practices during processing and abuse temperatures (>15 o C) in winter. By specimen data, the highest APC was found in cotton gloves, knives, boots, wristlets, and cutting machines in descending order (p<0.001). APC counts for food contact and environmental surfaces at retail shops were between 1.58 and 3.87 CFU/cm for cotton gloves. If stored meat comes in contact with other contaminated meat or equipment, cross-contamination is very likely to occur (13) . Moreover, some forms of preparation, such as cutting and tray prior to selling, may highly increase the likelihood of blood or meat juice to outflow on the tables, knives, and chopping boards in retail shops (13) . These findings indicated that the high values of surfaces came from gloves and knives on the retail packaging line and these may be potential risks related to hazardous organisms. Table 2 represents the correlation between the APC and specimen. The mean values of APC and specimen were found to be 2.13 and 4.15 CFU/cm 2 , respectively. We analyzed the correlation between the APC and specimen. As a result, a positive correlation was found between the two factor (r=0.231***).
The microbiological quality of the food contact and environmental surfaces was analyzed. The results from this study show that APC prevalence in samples at meat processing plants and retail shops was highest in January. The contamination of boots, aprons, cutting machines, and knives was relatively higher in meat processing plants. Moreover, the contamination of cotton gloves, knives, boots, and wristlets was relatively higher in retail shops. Our data explain how bacterial loads are affected by food contact and environmental surfaces related to meat processing plants or retail shops. Meat handlers should avoid improper handling of products and ensure proper implementation of disinfection plans (19) . The present study provides useful information about the hygienic levels at meat processing plants and retail shops by the assessment of microbiological data.
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